The aerial parts of Tanacetum balsamita subsp. balsamita were collected at full flowering stage from Tabriz, Iran. The essential oil was isolated by hydrodistillation and analyzed by combination of capillary GC and GC-MS. Twenty seven components were identified, representing 99.2% of the total oil. Carvone (51.0%), β-thujone (20.8%), 1,8-cineole (4.4%) and α-thujone (3.2%) were the main components. The in vitro antimicrobial activity of the essential oil of T. balsamita subsp. balsamita was studied against eight Gram-positive and Gram-negative bacteria (Bacillus subtilis, B. pumulis, Enterococcus faecalis, Staphylococcus aureus, S. epidermidis, Escherichia coli, Pseudomonas aeruginosa and Klebsiella pneumoniae) and three fungi (Candida albicans, Saccharomyces cerevisiae and Aspergillus niger). The results of the antimicrobial activity of the essential oil according to the disc diffusion method and MIC values indicated that the oil exhibited moderate to high antimicrobial activity. The in vitro toxicological study based on the MTT cytotoxicity assay on human fetal skin fibroblast (HFSF) and Monkey kidney (Vero) cell lines showed IC 50 values of 2500 and 1250 μg/mL, respectively.
The genus Tanacetum (Compositae) is distributed in Europe and West Asia throughout the northern temperate regions. The genus contains several annual and perennial species [1] . Tanacetum is represented in Iran by 26 species, of which 12 are endemic [2] .
Tanacetum species have been widely used throughout the world as a remedy for pain and inflammatory conditions in traditional medicine systems since ancient times. T. vulgare, commonly known as Tansy, is used in the treatment of inflammation and rheumatism. The extracts and pure compounds from this plant have shown beneficial effects in treating inflammation and gastric ulcer [3a] . T. parthenium has been clinically evaluated for its safety and efficacy in the control of migraine attack [3b] . Tanacetum essential oil is a rich source of bioactive compounds, such as sesquiterpenoids and flavonoids, which are implicated in the diverse biological activities of the genus [3c].
T. balsamita is represented in the flora of Iran by two subspecies namely T. balsamita subsp. balsamitoides and T. balsamita subsp. balsamita. The literature survey revealed that the chemical composition of the essential oil of T. balsamita subsp. balsamitoides had been studied and the major constituents of the leaf, flower and stem oils were bornyl acetate (47.7%, 55.2%, 49.2%), pinocarvone (27.1%, 34.2%, 28%), camphor (9.3%, 2.8%, 9.5%) and terpinolene (5.4%, 2%, 6%), respectively [4] .In another study, carvone (68%) has been found as the main volatile component of T. balsamita subsp. balsamitoides [5] .
The present study describes the results of our study on the chemical composition, cytotoxicity and NPC Natural Product Communications antimicrobial activity of the essential oil of the aerial parts of T. balsamita subsp. balsamita, which has not been investigated previously.
The essential oil was obtained by hydrodistillation of the aerial parts of T. balsamita subsp. balsamita with a yield of 0.48% w/w on a dry weight basis. Qualitative and quantitative analytical results are shown in Table 1 . Twenty-nine compounds, representing 99.2% of the oil are listed in Table 1 . The essential oil consisted mainly of oxygenated monoterpenes (95%), followed by sesquiterpene hydrocarbons (2.7%) and monoterpene hydrocarbons (1.5%). The major components of the oil were carvone (51.0%), β-thujone (20.8%), 1,8-cineole (4.4%) and α-thujone (3.2%). whereas bornyl acetate and pinocarvone have been characterized as the main constituents of T. balsamita subsp balsamitoides [4] .
The diameters of inhibition zones (IZ) and minimum inhibitory concentration (MIC) values of the essential oil, its main component and the antibiotic standard are shown in Table 2 . The results of the antimicrobial activities of the essential oil indicated that the oil exhibited moderate to high antimicrobial activity. The data show that S. epidermidis, B. pumulis and B. subtilis were the most sensitive microorganisms to the oil with inhibition zones 35, 34 and 31mm and MIC values of 0.93, 0.93 and 1.87 mg/mL, respectively. P. aeruginosa and A. niger were the most resistant strains to the essential oil. In contrast to antibacterial activity, the oil exhibited only slight antifungal properties, with the yeast S. cerevisiae being more sensitive to the oil than the others. The antimicrobial activity of carvone, the major component of the oil, was also tested. The result showed that carvone exhibits an antibacterial activity stronger than its antifungal activity ( Table 2 ). The activity of carvone has previously been characterized and shown to be effective against a wide spectrum of human pathogenic fungi and bacteria [6a].
Cytotoxicity results of the T. balsamita subsp. balsamita essential oil on human fetal skin fibroblast (HFSF) and monkey kidney (Vero) cell lines after 24 h exposure at dosages from 4.8 to 2500 μg/mL are shown in Table 3 . The IC 50 values of the oil were 2500 and 1250 μg/mL for HFSF and Vero cells, respectively. In the proliferation test, the IC 50 value of carvone was reported to be 0. The biological activity of the essential oil obtained from T. balsamita subsp. balsamita showed significant antibacterial as well low cytotoxic activities. The results of this investigation support the use of T. balsamita subsp. balsamita herb and essential oil as a safe medicinal plant in traditional medicine.
Experimental
Chemicals: Carvone was purchased from Merck and standard antibiotics from Sigma. 
Essential oil isolation:
The powdered aerial flowering plant parts (250 g) were hydrodistilled using a Clevenger type apparatus for 3 h. The resulting essential oil was dried over anhydrous sodium sulfate and stored at 4 o C until analyzed and tested.
Essential oil analysis:
GC-FID analyses of the oil were conducted using a Thermoquest-Finnigan instrument equipped with a DB-5 fused silica column (60 m × 0.25 mm i.d., film thickness 0.25 µm). Nitrogen was used as the carrier gas at a constant flow of 1.1 mL/min. The split ratio was 1/50. The oven temperature was raised from 60ºC to 250ºC at a rate of 5ºC/min. The injector and detector (FID) temperatures were kept at 250ºC and 280ºC, respectively. GC-MS analysis was carried out on a Thermoquest-Finnigan Trace GC-MS instrument equipped with the same column and using the same temperature programming as mentioned for GC. Transfer line temperature was 250ºC. Helium was used as the carrier gas at a flow rate of 1.1 mL/min, with a split ratio equal to 1/50.
The constituents of the essential oils were identified by calculation of their retention indices under temperature-programmed conditions for n-alkanes (C 6 -C 24 ) and the oil on a DB-1 column under the same conditions. Identification of individual compounds was made by comparison of their mass spectra with those of the internal reference mass spectral library (Wiley 7.0) or with authentic compounds, and confirmed by comparison of their retention indices with authentic compounds or with those reported in the literature [7] . Semi-quantitative data were obtained from FID area percentages without the use of correction factors. 
Antimicrobial screening:
The antimicrobial activity of the essential oil and its main component was determined by the disk diffusion method [8] . Briefly, 0.1 mL of a suspension of the test microorganism (10 8 cells/mL) was spread on Mueller-Hinton Agar plates for bacteria and Sabouraud Dextrose Agar for the fungi. Sterile 6 mm disks, each containing 10 μL of essential oil were placed on the microbial lawns. Disks containing 10 μL of carvone were used to study the antimicrobial activity of the major oil component. The plates were incubated at 37ºC for 24 h for bacteria and 30ºC for 48 h for fungi. The diameters of the zones of inhibition were measured and reported in mm. All tests and analyses, with three replications at weekly intervals, were run in triplicate and mean values recorded.
Determination of minimum inhibitory concentration (MIC)
: MIC values were determined by the broth microdilution assay recommended by the NCCLS [9] . Serial two-fold dilutions of the essential oil were made in Mueller-Hinton Broth containing 0.5% Tween 80 for bacteria and Sabouraud Dextrose Broth with 0.5% Tween 80 for fungi in 96-well micro titer plates. Fresh microbial suspensions prepared from overnight grown cultures in the same media were added to give a final concentration of 5 × 10 5 organisms/mL. Controls of medium with either microorganisms or the essential oil alone were included. The microplates were incubated at 37ºC for 24 h for bacteria and 30ºC for 48 h for fungi. The first dilution with no microbial growth was recorded as the MIC.
Cell line and culture:
The human fetal skin fibroblast (HFSF) and monkey kidney (Vero) were obtained from the Pasteur Institute of Iran. The cells grown in RPMI 1640 were supplemented with 10% fetal calf serum, 1% glutamine, 100 U/mL penicillin/streptomycin and 0.5 μg/mL fondison. Cells were cultured in a humidified atmosphere at 37ºC in CO 2 .
Cytotoxicity assay:
The assay detects the reduction of MTT [3-(4,5-dimethylthiazolyl)-2,5diphenyl-tetrazolium bromide] by mitochondrial dehydrogenase to blue formazan product, which reflects the normal functioning of mitochondrial and cell viability [10] . Briefly, the cells (5 × 10 4 ) were seeded in each well containing 100μL of the RPMI medium supplemented with 10% FBS in a 96-well plate. Cells were permitted to adhere for 24 h, and then treated with essential oils in medium for 24 h, before 20 μL of 5 mg/mL MTT in phosphate buffered saline (PBS) was added to each well and the plate incubated at 37ºC for 4 h. The medium was removed and 100 μL of dimethylsulfoxide (DMSO) was then added to each well. The optical density was measured at 490 nm. Cytotoxicity is expressed as the concentration of drug inhibiting cell growth by 50% (IC 50 ). DMSO was used to dissolve and dilute the essential oil and the final concentration of DMSO present in each well was adjusted to 0.1%, the same concentration used in control cells. All tests and analyses, with three replications at weekly intervals were run in triplicate tests and mean values recorded.
